MULTIPLE DIVERTER FOR REDUCING WEAR IN A SLURRY PUMP 



Related Application 
This application is a continuation-in-part of U.S. Application Serial Number 
10/212,919, filed August 6, 2002, which claims the benefit of Provisional Application 
Serial No. 60/310,883, filed August 8, 2001, the contents of which are hereby 
incorporated in their entirety. 

Field of the Invention 
The present invention generally relates to a slurry pump for use in pumping a 
slurry and in particular to a diverter for directing particles away from a stationary face 
and impeller nose gap to reduce wear. 

Background 

Slurry pumps are often configured as centrifiigal pumps, which employ 
centrifiigal force to lift liquids from a lower to a higher level or to produce a 
pressure. Basically, a slurry pump comprises an impeller consisting of a connecting 
hub and shrouds with a number of vanes rotating in a volute collector or casing. 
Liquid is led into the center of the impeller and is picked up by the vanes and 
accelerated to a high velocity by the rotation of the impeller and discharged by 
centrifugal force into the casing and out the discharge. When liquid is forced away 
from the center, a vacuum is created and more liquid flows in. Consequently there 
is a flow through the pump. 

Centriftigal pumps may be configured as single stage, single suction pumps 
having an impeller connected to a shaft and sandwiched between a ft^ont and back 
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shroud. The rotation of the impeller vanes results in a higher pressure in the volute 
collector or shell than in the suction, which results in a flow. The higher pressure 
zone of the volute collector is sealed against the low pressure zone of the suction 
where the shaft (at a lower atmospheric pressure) enters the collector to avoid leakage 
5 losses and loss of performance. On the front or suction side, the most common 
method of sealing is to use a close radial clearance between the impeller and the 
casing. 

The solids/liquid mixture moved through the slurry pump induces great wear 
and shortens the pump's life. Wear occurs mostly as a result of particles impacting on 
10 the wetted surfaces. The amount of wear depends on the particle size, shape and 

specific gravity of the solids, most of which is dictated by the velocity of the impacts 
and the number (or concentration) of impacts. The wear varies with about the 2.5 
power of the velocity. 

In the front sealing gap area, there is relatively high velocity between the 
15 stationary liner surfaces and the rotating impeller surfaces and a restricted area, which 
increases those relative velocities and the number of particles in a given location. 
Particles being thrown off a rotating radial surface can cause high wear on any close 
stationary radial surface, thus the desire to have an axial (or semi axial) sealing gap. 
Various methods have been devised to reduce the wear on the nose gap area. 
20 For example, to decrease wear some designs employ a water flush as shown, while 
others utilize semi axial gaps tapering inwards at some angle to the vertical and still 
others utilize front clearing vanes protruding out of the front shroud of the impeller 
into the gap between the impeller and the suction liner. 

The front clearing vanes develop a pressure similar to the impeller vanes. The 
25 clearing vanes pump the leakage flow from the collector to the suction, thereby 
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reducing wear in the nose gap area. However, it is difficult to maintain a close 
clearance between the suction liner and the clearing vanes, allowing a gap that 
particles can use to travel down the surface of the suction liner and through the nose 
gap. Depending on the clearances, there is a small flow recirculating in the gap 
5 between the shrouds and the suction liner and, depending on the size of the clearing 
vanes, an even smaller flow across the nose gap. 

In spite of using wear resistant materials and various methods for reducing 
wear, there remains a need for reducing the wear in the high wear areas of a 
centrifugal slurry pump. 

10 

Summary 

The present invention includes a diverter for directing particles that cause 
wear in a slurry pump away from the stationary face of a slurry pump. The diverter 
comprises multiple protrusions that direct particles back into the collector of the pump 

15 to reduce the number particles that go through the impeller nose gap. 

In greater detail, the diverter for reducing wear on a slurry pump comprises an 
impeller front shroud and a suction liner face operatively opposed to the impeller 
front shroud wherein protrusions extend from the suction liner face to about the front 
shroud whereby particles can be deflected away from the suction liner face. 

20 Furthermore, the impeller front shroud may comprise clearing vanes that can include 
reliefs. The protrusions can extend and fit within the reliefs to further aid in directing 
the particles to the clearing vanes. Typically, the gap formed between a protrusion 
and the impeller front facing ranges from about 0.5 mm to about 2.5 mm. The 
protrusions are placed upstream of the impeller nose gap such that the number of 

25 particles that pass through the nose gap is reduced. 
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In a further embodiment, the invention includes a diverter for decreasing the 
number of particles that pass through an impeller nose gap of a slurry pump by 
diverting the particles to an impeller front shroud having clearing vanes. The diverter 
comprises a suction liner face operatively opposed to the impeller front shroud and a 
5 plurality of protrusions extending from the suction liner face and towards the front 
shroud whereby particles can be deflected away from the suction liner face and into 
the clearing vanes. The clearing vanes further include reliefs with the protrusions 
extending out and into the reliefs formed within the clearing vanes. The protrusions 
can include an outer edge and an inner edge. Typically, the outer edge is substantially 

10 rounded and the inner edge slopes at an angle of about 45 degrees. 

Additionally, the invention includes a method for decreasing the number of 
particles that pass through an impeller nose gap of a slurry pump by clearing a portion 
of particle laden liquid from the impeller nose gap. The method includes the steps of 
diverting the portion of particle laden liquid to a clearing area and pumping the 

15 diverted particle laden liquid from the clearing area and into a main volute collector. 
The diverted particle laden liquid may be pumped using centriftigal force. 
Additionally, the method includes diverting the portion of particle laden liquid away 
from a suction liner face. 

20 Brief Description of the Drawings 

In the drawings: 

Fig. 1 is a cross-section of a known centrifugal pump; 
Fig. 2 is a cross-sectional view of a single stage, single suction pump with 
shrouds on the front and back of the impeller; 
25 Fig. 3 is a cross-sectional view of a slurry pump; 
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Fig. 4 illustrates an impeller with clearing vanes; 

Fig. 5 illustrates the close clearance between the suction liner and the clearing 

vanes; 

Fig. 6 shows the diverter used to reduce the number of particles that go 
5 through the gap to cause wear; 

Fig. 7 shows the protrusions of the diverter extending from the suction liner; 
Fig. 8 depicts the multiple protrusions in an embodiment; and 
Fig. 9 illustrates the clearing vanes and the reliefs. 

10 Detailed Description 

The present invention includes a diverter 2 for directing particles away from 
the stationary face or suction liner 4 of a slurry pump 20 and away from the impeller 
nose gap 12. By diverting particles away from the nose gap 12, wear is reduced. The 
diverter 2 comprises a plurality of protrusions (5, 7, 9) that extends out from the 

1 5 suction liner 4 and directs particles back into the collector 22 of the pump to reduce 
the number of particles that pass through the impeller nose gap 12. The protrusions 
(5, 7, 9) may extend out a distance nearly equal to the distance between the suction 
liner 4 and the impeller front shroud 10 such that the clearance between the diverter 2 
and impeller front shroud 10 is kept at a minimum. 

20 In greater detail, the diverter 2 directs the slurry and particles that cause wear 

away from the stationary face of the suction liner 4 to a location where the suction of 
the clearing vanes 8 can catch the particles and by a centriftigal force, pump them 
back into the collector 22. By pumping the particles back into the collector 22, the 
wear on the nose gap 12 is greatly reduced since a large portion of the particles that 

25 would normally pass through the gap 12 are pumped back into the collector 22. 
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The protrusions (5, 7, 9) are located upstream of the impeller nose gap 12. 
The protrusions (5, 7, 9) may have various dimensions and can be sized to different 
proportions. For example, at least one protrusion may have a rounded shape while the 
remaining protrusions (5, 7, 9) have a rectangular shape. Of course, the protrusions 
5 (5, 7, 9) may be most any shape. The number of protrusions (5, 7, 9) is more than 
one, with the upper limit being that which is practical. In the examples and drawings, 
the protrusions (5, 7, 9) are shovra as three, but the diverter may have more or less 
than that number. 

The clearing vanes 8 may be stopped off short of the nose of the impeller to 

10 provide a relief at the inside. The protrusions (5, 7, 9) can be positioned to fit within 
the relief 1 8 to urge the particles towards the inlet of the clearing vanes 8 and away 
from the stationary face of the suction liner 4. By urging the particles into the suction 
area of the front clearing vanes 8, the particles can be pumped back into the volute 
collector 16. The heavier particles tend to be caught up in the clearing vanes 8 as they 

15 are brought close enough. Depending on how close the particles are brought, the size 
of the clearing vanes 8 and the size of the particles are significantly reduced and a 
number of particles will find their way through the gap into the suction thereby 
reducing wear in the high wear nose 12 face area. 

Depending on the size of the pump, the clearance between the clearing vanes 8 

20 and the suction liner 4 is about 2 mm for a pump with an impeller 1 8 of 1 meter. 

Smaller diameter impeller pumps can achieve tighter clearances of about 1 mm in the 
case of .5 -meter diameter impeller. Impellers 1 8 with diameters larger than 1 meter 
have proportionally larger front clearances. 

The impeller front shroud 10 thickness can be a ftinction of the severity of the 

25 wear service and the size of the parts. A heavy duty shroud 10 should be = .75 (1 .24 
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+ ,024D) inches where D is the impeller diameter in inches. For example, a 0.5-meter 
diameter impeller would have about a 33 mm thick front shroud 1 0, and a 1 -meter 
diameter impeller would be around 42 mm. The front clearing vane 8 depth is 
generally between 50% to 100% of the front shroud thickness. 
5 In an embodiment, the particles are diverted as closely as possible to the 

inside of the clearing vanes 8. The clearing vanes 8 are reheved or stopped off at their 
inside diameter to form a recess or relief 1 8. The stationary or circular protrusions (5, 
7, 9) can take up this relief as closely as possible allowing a practical running 
clearance of about 2.5 mm for 0.5-meter diameter impeller and 0.5 mm for smaller 
10 impellers. 

The shape of the first protrusion on its outer diameter may be radial or near 
radial, while on the inside it may be set at about a 45 degree angle to minimize the 
wear effect of particles being thrown off the impeller. The first protrusion 5 may 
extend out as close as practical to the impeller front shroud 10. The clearance under 

15 the protrusion 5 and between the rotating impeller surface may be kept somewhat 
larger at around 25% to about 100% of the shroud thickness. 

The plurality of protrusions (5, 7, 9) extends out from the suction liner face 4 
near and/or under the inside of the clearing vanes on a slurry pump impeller to divert 
particles to the impeller front clearing vanes which will cause particles to be pumped 

20 back into the main volute collector 22 reducing the concentration, size and/or number 
of particles that go through the lower sealing nose gap 12 thereby reducing wear in 
this high nose gap wear area. The protrusions (5, 7, 9) on the suction liner will divert 
abrasive particles away from the liner and improve wear. 

Referring now in greater detail to the figures, wherein like numerals refer to 

25 like parts throughout the drawings. In Figure 1 an embodiment of a centrifugal pump 
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20 is illustrated showing the discharge nozzle, inlet, impeller and the flow of the 
slurry in the pump as indicated by the arrows. Figure 2 is a further embodiment of a 
centrifugal pump illustrating the impeller vanes 1 8 connected to a shaft by which the 
impeller vanes are turned within the collector or shell that houses the vanes. The 
5 vanes have an impeller shroud front and an impeller shroud back. The front side of 
the pump is labeled as the suction end of the centriftigal pump. The impeller nose gap 
12 is located at the meeting of the impeller and collector. 

Figure 3 further depicts a centriftigal pump 14 in greater detail such that a 
water flush inlet along with the impeller nose gap 12 is illustrated. Further illustrated 

10 is a suction liner 4 without the diverter 2 extending from the suction liner. Also 

shown is the connection shaft, section inlet and outlet. Figure 4 illustrates the clearing 
vanes 8 protruding from the impeller front shroud 10 for clearing the particles from 
the suction liner 4 and the impeller nose gap. Figure 5 depicts the impeller nose gap 
12 and suction liner 4 without a diverter. Further illustrated is the movement of the 

15 particles by the arrows as some of the particles pass up through the clearing vanes and 
the remaining particles passing through the impeller nose gap 12. 

Figures 6 and 7 illustrate the diverter 2. In Figure 6 the suction liner 4 having 
a plurality of protrusions (5, 7, 9) extending from the liner and out to a recess in the 
clearing vanes 8 attached to the impeller front shroud 10 is illustrated. Figure 7 

20 illustrates the suction liner 4 and diverter 2. The plurality of protrusions comprises an 
outer edge which is illustrated as substantially rounded 16 and an inner edge 14 set at 
an angle of about 45°. 
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